. This paper presents design and performance of integrated receiver front-ends at 60 and 94 GHz. In the next two sections, the individual components of these front-ends, such as mixers, p-i-n-diode attenuators, and SPDT switches will be described. Following this, the integration of these components on a single substrate will be shown, yielding a number of advantages over standard waveguide components as well as over discrete-component fin-line circuits.
II. FIN-LINE p-i-n-DIODE ATTENUATORS AND SWITCHES
Fin-line p-i-n-diode devices have been built to provide electronically tunable attenuators, switches, and modulators up to 100 GHz and beyond [7] . Fig. 1 On the other hand, the diode characteristics are of great importance.
A large-signal analysis according to [16] and a simplified small-signal analysis give first approximations for the diode impedances. Due to the millimeter-wave frequencies, the diode parasitic can yield a considerable reactive contribution to the impedances and an increase in the required LO power [17] .
A number of fin-line balanced mixers of the type described above have been built in the frequency range from 18-100 GHz using commercially available beam-lead diodes. Good results have been obtained for narrow-band as well as for broad-band components covering a whole waveguide band [7] . Fig. 5 gives a plot of the conversion loss of a 94-GHz fin-line mixer with diodes dc 1309 (AEI) for two different LO frequencies. The circuit of this mixer is etched from a 0.5x 0.5 in (1.27 cm) gold plated substrate of fused quartz of 0.11 -mm thickness [9] . The conversion loss includes the dissipation loss due to the taper of 0.3 to 0.5 dB and the reflection loss of about 0.5 dB. A DSB system noise figure between 7 and 7.5 dB was measured for this mixer at IF frequencies from 200-1000 MHz including an IF amplifier noise figure of 1.6 to 2.6 dB (Fig. 6 ). An (Fig. 3) . The balanced mixer was built using diodes ND 5558. (NEC). Due to the relatively high parasitic of these diodes (specified for X-and Ku-band), a narrow-band impedance match of the mixer results. Fig. 8 is a plot of the conversion loss of the front-end including the loss of the p-i-n-diode switch.
IV. INTEGRATED FIN-LINE FRONT-ENDS
A polarization diversity by switching between the two polarization channels.
In Fig. 10 , the two signal ports and two further waveguide connections, one for the LO, the other one will be terminated with a short circuit (see Fig. 4 ), can be clearly recognized. The mixer circuit is identical to that described previously. The SPDT switch contains two shunt-mounted p-i-n diodes in each of the input arms. An extremely short connection between SPDT switch and mixer reduces the line loss. [1]
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